Solid waste characterisation studies have been conducted at the household or municipal level, but fewer studies have assessed the composition of solid waste within institutions of higher education or university student residences. Studies carried out in universities usually refer to the academic buildings, yet, reports of waste characterisation from student housing and the associated greenhouse gas emissions are scarce. The goal of this work was to present a study case where both equivalent carbon dioxide (CO 2 eq) emissions and waste reductions were successfully attained in student housing after implementation of a solid waste management strategy. Two waste characterisation studies were carried out, before and after a waste management program was implemented to reduce waste generation. The waste generation per capita (GPC) per day was estimated at 1.5 kg for the first study (2014) and 1.1 kg for the second (2015); in addition, 87% of the waste stream was diverted from the landfill through vermicomposting and recycling. The percentage of food waste used for vermicomposting was 2.83%. The CO 2 eq emissions in 2014 were estimated at 12,624 kg CO 2 eq (0.43 kg/capita/day) and 761 kg for 2015 (0.03 kg/capita/day). Appropriate solid waste management was revealed to have a fundamental role in cutting indirect CO 2 eq emissions.
Introduction
Municipal solid waste management (MSWM) is one of the major environmental challenges in most of the cities of developing countries [1, 2] . People are discarding growing quantities of household solid waste (HSW), and its compositions are becoming more complex as consumer products made of plastic and diversified hazardous materials are widely used [3] . Increases in urbanisation have provoked a notable increase in both the generation and waste composition [4] . The large amount of produced waste and, consequently, the difficulty involved in eliminating it is still a problem in developed societies [5] . This situation has led to serious consequences for the environment in terms of river and groundwater contamination by landfill leachates, including soil pollution; greenhouse gas emissions; and fauna mortality [2, 6] . For this reason, solid waste (SW) generation and its management has been gaining attention across the world.
In the regulation of some countries, solid waste management is the responsibility of local authorities [7] . However, this activity should not only involve public administration, but also waste present both equivalent carbon dioxide (CO 2 eq) emissions and waste reductions in one of the student housings after implementation of a solid waste management strategy.
Materials and Methods
The waste characterisation studies were carried out in two stages, each one lasting seven consecutive days. The first was in June 2014 and the second in April 2015. Waste management strategies were applied after the first study. The methodology employed in the study is outlined in Figure 1 .
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The waste characterisation studies were carried out in two stages, each one lasting seven consecutive days. The first was in June 2014 and the second in April 2015. Waste management strategies were applied after the first study. The methodology employed in the study is outlined in Figure 1 . 
Area of Study
The UMSNH is in Morelia, México. Morelia is in the north-central part of the state of Michoacán in Central Mexico. This city is located at 19°46′06″ N 101°11′22″ W. The city has an elevation above sea level of 1920 m (6300 ft) and a subtropical highland climate with a precipitation of 773.5 mm annually. The average annual temperature is 20 °C, the lowest temperatures occur in the month of January at around 8 °C. The average maximum temperature is 31 °C and occurs in the months of April and May.
The UMSNH has 35 student housing buildings, but in this study, only one was analysed due to: (a) economic and time constraints on realising this study; and (b) all student' housing depends on the same university central administration, and the budget allocated for services is calculated on a per capita basis.
The building selected is named "Wenceslao Victoria Soto", and it has a maximum annual capacity of 80 residents distributed in 15 rooms. The services to students include a basketball court, central kitchen, dining area, audio-visual room, computer room, and a library.
Solid Waste Generation and Characterisation Study
Usually, the waste analysed in the waste studies is obtained from a truck collection or directly from houses under study. In this study, waste was taken from the waste room (WR) located in the building. The student residents collect the produced solid waste and use the WR for temporary storage until the municipal services collect it later. Stored waste was solely from the Wenceslao Victoria Soto building.
At the beginning of the study, it was observed that a significant part of waste was not in plastic bags or other containers. The students only emptied the trash can on the floor without further action. The waste on the floor caused leachates and garbage to disperse through the building through the feet, due to the footsteps on the waste pile. For this reason, previous to the characterisation study, all waste in the WR was sent to the landfill, and the room was cleaned. In this way, it was possible to have control over the waste generated daily and to realise the waste characterisation in this site.
Each day, all material disposed of in the WR was hand-sorted according to the Mexican Standard NMX-AA-022-1985 [20] . The sorted-out waste component was placed into individual plastic containers, and at the ending of sorting it was weighed. The measurements were performed in situ 
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Solid Waste Generation and Characterisation Study
Each day, all material disposed of in the WR was hand-sorted according to the Mexican Standard NMX-AA-022-1985 [20] . The sorted-out waste component was placed into individual plastic containers, and at the ending of sorting it was weighed. The measurements were performed in situ with a Uline H-670 (Uline Company, Pleasant Prairie, WI, USA) portable electronic scale with a 150-kg capacity and 10-g readability. This procedure was performed for seven consecutive days.
For the analysis of waste composition, 30 waste components were considered; 25 indicated in the NMX-AA-022-1985 [20] and five more annexed. These were aluminium, batteries, Tetra Pak™ (Minitab Inc., State College, PA, USA) packaging, Polyethylene terephthalate (PET), and toilet paper (see Table 1 ). 
Waste Statistical Analysis
A hypothesis test of the two proportions was conducted to identify any differences in HSW generation between the first study in 2014 (p 1 ) and the second in 2015 (p 2 ). Where components showed differences, a new hypothesis test was conducted to identify the year in which more waste was generated, considering the following as an alternative hypothesis: "More waste was generated in 2014 than in 2015 (Ha: p 1 > p 2 )." Only components larger than 1% were included in the ratio test. MINITAB™ 16 statistical software with a 95% confidence interval was used for comparisons. The p-values used for the hypothesis test were obtained using the Exact Fisher test.
The p-value, confidence intervals (CIs), and Z 0 -value from the hypothesis test of the difference between two proportions were calculated. With the p-value, the value of the test should be inferior to the significance level selected (α = 0.05) in order to indicate a significant difference. With the CI, the authors [21, 22] pointed out that: (a) if the interval intersects zero, it is possible to conclude that the data is consistent with the null hypothesis, H 0 : p 1 = p 2 ; (b) if both of the CIs are positive, this indicates that the first ratio is greater than the second ratio; and (c) if both of the CIs are negative, then the second ratio is greater than first one. For the Z-values, when the alternative hypothesis is p 1 > p 2 , the critical region is z > 1.645.
Strategies for Waste Management
This part of the study involved implementing various methods of waste management in an attempt to reduce waste generation and environmental impacts. Authors [23] have highlighted that the waste stream from households should be minimised by encouraging waste sorting, recycling, and reducing waste production at the source. In this study, the waste management selection process began as soon as the waste characterisation process was completed. Among the options, recycling, vermicomposting, and landfill disposal strategies were selected. In this study, incineration was not considered as a possibility as this waste treatment is forbidden in Mexico.
Once the management strategies were defined, the feasibility of the implementation was verified. The first step was to talk to the leader of the student housing to ask for their support and to define the importance of their participation in the process. Subsequently, it was necessary to have conversations with recycling companies and pig producers in order to establish the days and conditions under which the material recovery process would be carried out.
Housing residents may be unable to discriminate between wastes that are and are not suitable for composting [23] . Therefore, a university researcher with experience in vermicomposting was contacted. He provided training and donated 1 kg of red worms (Eisenia foetida) to start the process in the courtyard of the student house. This worm is most commonly used in vermicomposting because both earthworms are peregrine and ubiquitous with a worldwide distribution, resilient, and have wide temperature tolerance [24] .
Before the start of the separation activities, weekly talks were scheduled with all residents in order to heighten their awareness of the issue of solid waste management. In these meetings, they were asked to separate waste to avoid contaminating any components with a potential for use. For example, they avoided mixing meat, fish, oily foods, and bones in the organic material intended for vermicomposting. Rousta [25] found that a lack of information and knowledge may hinder the correct sorting of waste. Plastic containers with a capacity of 100 L were purchased to facilitate proper separation and to prevent people from depositing garbage on the floor for lack of them.
Parallel to the talks with students, work teams of five persons were set up for supervisory activities. These teams were trained on the characteristics of the materials for their proper separation and were informed about the requirements of recycling companies. The training and supervision process was repeated for six months because team members had to rotate to other activities within the housing. After this time, strict control was not necessary because the students were committed to the program and had knowledge of the processes.
Vermicomposting Process
The procedure for vermicomposting was as follows: Plastic containers of 18.11 × 45.08 × 62.23 cm (height/width/depth), with a 33 L storage capacity, were obtained. This size was selected due to the ease of moving them and their depth. A hole was drilled in the right corner to drain excess water. The containers were placed on wooden bases with heights of 10 and 15 cm to give them inclination and height to place a container for the leachate collection.
The bin was filled to start the process, as follows: First, a layer of garden soil was added to the bin. After, a mixture of fruit and vegetable scraps and wood chips cover the soil. A new layer of sawdust was added, and finally, the worms were added. Once the worms were buried, a water dew with a spray bottle was added to the mixture to increase the humidity.
The feeding process was next. The container was review to notice if there was a significant amount of food residuals. When this happened, the worms were not fed and the container was left for a few days and checked again. If the level was low, an estimated amount of food residual was added, attempting to avoid overfeeding. The waste mixture was prepared with a 70:30 ratio of brown matter (chip wood, sawdust) to green matter (food scraps and yard trimmings). The size reduction can increase the surface area for aeration and microbial action and, thus, the decomposition is easier for harder materials like fruit peels or wood [26] . This principle also applies to vermicomposting, for worms to eat faster. In this study, food waste was reduced into pieces 2 to 5 cm in size.
The container was divided into quadrants, and plastic laundry pins were used to mark where the last food was placed. The feeding was done clockwise, checking that all food added was buried. This procedure was used to avoid the mixture of decomposed materials and food residuals.
The containers were placed in the shadow to avoid overheating. About once a week, the content was moved to help with aeration. After the last feeding, the compost was available to harvest one month later.
Emission Factors
For the emission estimation, a term of one year and two scenarios were considered. The first scenario was all waste being sent to landfill. The second included a recycling closed loop [27] and landfill.
The CO 2 eq was calculated using the emission factors from DEFRA 2016 [28] for waste treatment processes. Each component is multiplied by the emission factor that corresponds to a particular waste management scenario (closed loop or landfill). The emission factors used in each component are listed in Table 5 .
The CO 2 eq emission factors for a vermicomposting process using household wastes are not available. DEFRA Factors 2016 [28] and IPCC Factors 2016 [29] do not include a vermicomposting scenario and the studies reporting CO 2 eq emissions for vermicomposting are scarce. Possible explanations could lie in the way that the CO 2 emissions from biomass are considered. Chan et al. [30] indicate that CO 2 eq is biogenic in origin and is usually not counted in the GHG emission budget, although in the process of aerobic composting the gas emitted mainly is CO 2 rather than CH 4 . Kang et al. [31] explain that according to the Intergovernmental Panel on Climate Change Guidelines, CO 2 emissions from biomass fractions should be excluded from the total of CO 2 emissions when calculating CO 2 emissions and should be separately reported due to their "carbon neutrality". In this study, a value of 4.3 g CO 2 -eq/kg waste was used to estimate the waste vermicomposting emissions. This data was taken from Lim et al. [24] and is the sum of N 2 O and CH 4 emissions from household waste treated with vermicomposting.
Results and Discussion

Limitations of the Study
Readers should be aware that there are limitations in the strict sense when comparing this study with others because of the characteristics that each presents. Comparison with home characterisation studies may be limited. This student housing is inhabited only by men, which explains why particular type of residues associated with children, teens, and women are not present. Regarding university studies, there are differences, such as the number of hours that each person stays and the activities performed at each site, the amounts and types of food consumed, and holidays, among others. Waste generation studies in universities usually do not report the waste in student housing. For example, a study in the USA reported [32] that the university does not track total amounts of waste produced from each building on campus. Thus, it was not possible to determine the proportion of solid waste that comes from student housing relative to the other campus buildings. In another study in Canada [16] due to time and financial resources, those authors excluded two student residence buildings, which, combined, represent a significant and distinct portion of the university's waste.
Solid Waste Generation and Characterisation Study
The waste generation per capita (GPC) per day was estimated at 1.446 kg for the first study (2014) and 1.135 kg for the second (2015). The weights and percentages of each waste component are summarised in Table 2 .
The waste generated in 2014 accounts for 29.6% in tin cans, paper, cardboard, rigid plastics, and transparent glass materials that are all recyclable; while 52.4% of waste (food residuals, wood, and yard trimmings) have a potential for waste treatments, such as vermicomposting or composting. These considerations leave only 18% of components to send to landfill. However, in 2014, all waste generated was sent to the landfill (42.2 tonnes in the year, approximately), because a solid waste management plan had not been implemented. The waste stream and its composition changed in 2015, after application of the waste management strategies; the GPC was 21.5% lower than the previous year. However, the difference is in the waste diverted from landfill, in 2015 only 12.2% of waste generated was disposed (4.06 tonnes/year versus 42.1 tonnes/year the previous year (2014)). This value is similar to a GPC of 0.139 kg/day and a waste disposal reduction in the landfill of 92.2%.
Waste Statistical Analysis
No crockery component was found in the waste stream in 2015, therefore, it was not possible to make a comparison. The proportion test for transparent glass was conducted, however, due to sample sizes this could be inexact, because when p is small, the normal approximation to the distribution p' will often not be very accurate in the extreme tails [22] .
Five components: toilet paper, rigid plastics, construction material, film plastic, and transparent glass, did not show differences in generation for both years. The generation of wood, tin can, paper, cardboard, and cloth rags decreased in 2015, while food residuals increased (see Table 3 ). The increase in the food waste proportion may be a consequence of the inhabitants thinking that they are benefitting from the waste through vermicomposting, and as food for pigs, it is not necessary to make an effort to try to reduce them. Therefore, the next strategy for decreasing waste would study the patterns of consumption. This objective is an important aspect, considering that reducing food losses and food waste is attracting public attention at the international, regional, and national levels, and a number collaborative initiatives are working to tackle the challenge [33] .
Strategies for Waste Management
In total, 87% of the waste stream was diverted from landfill through vermicomposting and recycling. This value is slightly higher than the 70% reported by Smyth et al. [16] . Differences could be due to the food residuals proportion in this study, which is higher, was sorted adequately and can be recovered to be used as pig food. In a New Zealand university, Mason et al. [34] found that as staff became aware of, and familiar with, the source separation system, the level of food separation improved. In Sweden [25] it was found that an efficient source separation scheme could increase both the rate of recycling of recyclable materials and biological treatment of food waste.
For 2015, all food waste was diverted from the landfill stream (see Table 4 ). The percentage used for vermicomposting was 2.83%, a value lower than the 6% that is diverted for recycling in Japan [35] . In this study, the size of the infrastructure for vermicomposting limited the quantity that could be diverted. Available space for the containers, economic constraints, the number of persons available, and their work rotation restricted the facility´s growth. Despite the fact that work rotation was a problem for waste treatment in this study, authors [36] consider it as a positive aspect because the person´s rotation creates knowledge multipliers, specifically, who will act to promote environmental awareness. In Mexico, the materials recovered to be commercialised afterwards represent 8-12% out of the total generated [37] . In India 6-10% of MSW are recyclables [7] , in a Canadian university this value reached 49.3% [16] , and in Taiwan, 44.92% [26] . In this study, the value was 16%. The difference could be explained by the components included in the recyclable´s classification.
The container installation changed the behaviour of students in the WR. When the second study was carried out, all waste was in covered containers, not on the floor. There were no leachates on the floor, and all the solid waste was inside plastic bags. Due to time restrictions, it was not possible carry out a study to learn the impact on the students and the reasons for the change in their conduct. However, it was observed that young people who live in these university residences usually come from marginalised communities in states with significant educational inequalities, such as Chiapas, Oaxaca, Guerrero in Southern Mexico, and Michoacan. Oaxaca State, for instance, has 570 municipalities and 417 are governed by indigenous customs and usages. In these regions, the culture of recycling and proper management of solid waste is limited; Oaxaca implemented the first landfill sites in 2012 [38] . It is not uncommon for these students to struggle with the Spanish language proficiency required for higher education. Moreover, at the university they do not receive environmental education, except in some courses; thus, the implementation of a program of solid waste management, including its acceptance and continuity, involved a challenge for the researchers. The factors that favoured the students' appropriation were the inclusion of the young students in the program, allowing them to contribute ideas and tasks; the acceptance of the leaders of the residences that they would eventually see the results of their efforts in economic savings; and those with a higher level of organization, based on a hierarchical structure.
Emission Factors
The emissions in 2014 were estimated at 12,624 kg CO 2 eq (0.43 kg/capita/day) and 761 kg CO 2 eq for 2015 (0.03 kg/capita/day). In one year, after the waste management implementation, CO 2 eq emission was reduced by 93.94% (see Table 5 ). This reduction does not include the CO 2 emission of food waste diverted for pig food and its transport to the farm. The food residuals proportion was greater in 2015 that 2014. However, the CO 2 eq emissions in 2015 were 99.93% less than 2014 because 95.92% (22.1 tonnes) was diverted as pig food and was not included in the estimation. The percentage of the waste diverted is high compared to 71.46% in Taiwan [26] , due to the vermicomposting infrastructure in the student housing and the pig farms near to the student residence.
The potential reduction in CO 2 e emissions that would no longer be released into the atmosphere is approximately 11.86 ton CO 2 e during the 2015. This volume has a total value of USD $130 year −1 in the carbon market, considering an average cost of USD $11.00 CO 2 e ton −1 [39] .
Conclusions
Appropriate solid waste management was revealed to have a fundamental role in cutting indirect CO 2 eq emissions. The recovery of waste reduced the amount of waste sent to landfill. Implementing a waste recovery strategy as a business plan can give an extra boost. However, it is important to recognise that the secondary materials market has variations and that the gains may vary over time.
The process to construct a tailor-made plan is complicated as several variables should be taken into consideration, such as the will to participate, the enforcement of the waste management plans from the residence board, solid waste generation, and processes to recover waste components, among others. This process requires leadership and perseverance to prevent the plan from failing once the maturation phase begins. The site authority's support is indispensable. This study demonstrates that there is a possibility of improving environmental performance in student housing. The effects will be bigger if these practices are applied to the others 34 residences and the rest of the university. Recommendations for decision makers at the university include:
•
The implementation of annual solid waste characterisation at student residences.
The inclusion of waste programs in the operating rules of student residences.
To encourage the association between solid waste research academics and the student leadership operating at these residences.
To promote seminars at student residences to promote the waste management program, as student enrolment will naturally end with student graduation periods.
